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Abstract: The medical CT sequence images dopes noise for various reasons. Denoising can
effectively improve image quality. The common algorithms are used for single image, while the
CT sequence images have high similarity between adjacent images. Therefore, this paper
proposes a hybrid denoising algorithm based on the structural similarity. Firstly, a histogram is
drawn according to the maximum and minimum gray value.
parameters are set to calculate the window width and window level, and then conduct window
adjustment. Thirdly, the structural similarity of the target image and its adjacent images are
calculated. Finally, BM3D and Gaussian filtering algorithms are mixed for three images
according to structural similarity. Experimental results show that the algorithm can improve the
mean square error, peak signal-to-noise ratio and structural similarity, which effectively
improves the image quality.

Key words: medical CT sequence images; structural similarity; hybrid denoising algorithm;

Secondly, relevant threshold

histogram; window adjustment

B CT MR 2 ROy R U3l 148 07 3, D
B i o HAF R T TSR R M 44 1
%T&Efiﬂiﬁdﬁﬂﬁﬁﬁ@ﬁﬁ %‘ISEXTCTE
TR AT AL B, 2 BV A BRI . 5 T 1R 5 Ak
PH B 8 B, AN 32 35 R A BRI, R B T
S IR AL BRI B S P BT R
5 ) RMEAIME G uE b 21

KR EH: 2022-12-17
i)

T IRBE A ) KM IR R 5k 25 : Chen
HEUHBRE RN R E R ML W%
(convolutional neural networks, CNN) | F CT [#]
1% 2 M fE P SERN B, Nishio 257 42 HY [ 4 i 4 AR
l—Jéf’%-Chenf’ff“]‘#—iﬂgrﬁi%#*@ﬁgﬂé’%ﬁ?ﬁ%lm%
FHSS A, H A% 22 2 e 5 5 L 22 I 2%, A
T AN GE AL DR TS T R AP IRCR . ﬁﬂ:/ﬁ

e BREIAR(1997-) 55 Al SR M ZRAE R LA SEAE



% 4

AR B F CT 59 Big ey b ok ik 465

JE 27 2] MR R R MR A5 R A % 7 )
SRRIRYFE DR KR IR AR SCR Y 2 1%
Grugik ML

1 48 08 i 22 W AR 32 2O R )R P 44 H (non-
local means, NLM) 3§ I 55 155 | = 4 e T i
(block matching 3D, BM3D) 3E 3 & 1% % W &
Pt K BE A 518 5> f% (K-means singular value
decomposition, K-SVD) 51k LK K5 B 2
X HCARL SR Al 1T (expected patch log likelihood,
EPLL) 531" A Jay & 440 1 08 15k B8 1 1 Sk R
I3 AN R B, SR F5 7R sk R 48 2% 5 B AR o
4 DX 3k, g J R 3 4 A AR Y DX SB35 1ME s —
A e VT E U8 5 PR 25 R B st R R P R e 2
] A ARARLPE 48 R R AR 15 2P 5E
b I 85118 24 98 208 D R S8 1) /N DB A 3 B S
W U8 Uk e 1 1R PR DG JE 1) RGO 1o A v 75 K
YE 5 S8 53 i S e — PO TR s e 1) 48
iy 2, SR A AR AR Y T =X CR i G
T R U TR ) Xof A i A ALK i AR F v A%
i) K-SVD Sk — ik HHUE b iy 14 1,
T S 1 B (I A Ry 8 25 i I SVD i I B K
AT SR T o7 P AR [ . R B B o
RGNS A O N AR 1 5 8 42 i AR 1A
BB T RRE , I BT i TR A B A0 A5
Pod i, e Jm SE e e M5 Bt 2B X bz
J& , EFE BM3D Bk, I H AL T A B KIS i 45 4
AEARLE: TR 5 fulf FH v S 8 e 3 . BMBD A AR
Jo L R AE 8 R RE AR G Ok B RS Y i
GO AR S A TR 1 - A IR) R s S O mT
DAY /D G B e - i 1) R, DR LT 5 608 FH 79

TEHEAT LM 2 il f5 22 e X CT BG4 7 M
A3, BRI B (127.5,255) , JH T Ab 3L 1Y
O 2 R 1 FF 2 (%) %0 95 7 7 .Ohhashi 552
— R TR 2 Y 8 B ok T AR SRR R
(G RCR AR A R B G ME W) SE SR E T i
WAL IR R 25 (M G T RE AR S & SR e fd B T
e U R G S NP R N = R B K VAN S S = X7 S U}
TR, HBEA P2 W 48 AWk e, 32
ZETCHRE R AR SR o RN R
X LT B A3 A1 SRy XU DL Y A Bl v Rk %
R SR LR T Bl A R s 0 AR SRR
A H 7 B A3 B IME AR R 8IS, e KAE ASAE
VIR KA ER L BUR/AS WA = R E KRN i =
P& 0 —Fh Ok AR G AR MR A ShiR g Bk
LT e N 0 R IR B L B AR IERE 2w

PR B TET R 72% 1 0K B A 5 R B 6, o i ot
K S 06 B 2545 B 1 90 508. 3% — 55 I B Y
FETE L, R BRI | Bl R IR AW T2,
i e R 508 TG IR AR U b 3 N T A 1) Bs 2E S . 5
FAE R — 16 7 K R A ShR A
TR SR BT BBy Sk 4 Bl 43 ) 2 3 A
WA T P R0 R A v PR
L 8 A 0 P LU 7 L SR I AR R ) 28
YR Ly V33 I 11 o A 7 i 7 1

FERELEE 2 CT )7 91 BG4 5K i 8
i B 7, RN AR SCR A XA T A EE
3 15 N [ B AT A B B AR Y A
1510 B KA e /N I (B 22 i 3 A e 30 MG B B
J5 B ks AR S HL, SRR il DT T B A R
SRS/ IN T A T, 38 43 , POl 1 L5 LR A 28
PSR IN T BE T, 03850 601, e e AR 1
I3 7 5 7 o

6 H S B0 F B e [ A N U AL B AR
Ji P T AR AR G 2 R AR UM R A T TR B M
SRR T M ML R iR 2 EE S
Mg BRI 285 AL ARLRL P = T A T4 v, RS T e 1
Y=

1 HERHIN

1.1 DICOM El#&ixr#

BE %% CT ¥ & fd JH 4 /2 DICOM (digital
imaging and communication in medicine) & 1% #5
#i, DICOM PS3.1 2022b J& fe#ibnife > iZbn i
ST B AR B A AT B 2H Rk =R S8 4 Ty
S B ff A5 B 2 ER AT LAE AR R 2 ] 38 f
S FEft . ARz bR e R R SO S R T R
HRATLE , P SO AR TR AR SCAE S,
TH VAT F R ICR SR B s TR h
SR, 43 R AR AEZEAY A B DL SR
FRZE AT 43 R A TR 43 415 (AT 2 AN ) FIoT &R
S 247 1)™. DICOM A i 7 2 B an A 1
i

k| BETE A fdEnER iR
h:3 {20 | EKE | BEEE
(tag) (vr) (§2)) (vf)

1 DICOM#r#ETEE
Fig.1 Schematic diagram of the DICOM standard



466 FAKFFHR(A A FR)

% 45 %

DICOM H &5 fy 5 %2 1Y #1245 (tag) A7 Patient
Name (0010/0010) , Patient ID (0010/0020) ,
Samples Per Pixel (0028/0002) , Rows (0028|
0010) , Columns (0028|0011) , Rescale Intercept
(0028]1052) L & Rescale Slope (0028[1053).

1.2 BM3D 55#niRik&E %

BM3D 5k ] LA53 R AP BR 43 ) e Al
fl T AR Al T, SRk B S AR R AN 1] 2 B s
D) JERM AL T - 5 S0 & M R 19 B — > HARIER
T e W25 R R AL 70 A 408 X358 PN ki Ty <5 AH
I, DL R AT 5 — A = 4R BG4 4R 5 X
IR AT = YA S b FL ol R A (R A /)N R D6
P F W, S 2P M F I FE ) A0 U Ak B
J B R BOMAA 1R Hh ] S . 2) B 2eAiiit .
TS AR 7] A e DC 0 Ty 2 Lk v ] S Y R —
A EHERER ISR A R, LR SRS 5 — A4 =
A MG I SRR XX 2 N Ee g R AT AR PR Ab PR Y
T35 2R, K v a) GO g e 2R AR R S R
ZH Y RE I, ) 12 B Ak o) T PR 2R AT 4 4
W, DAk IR A5 B 2 1 K R MG e, S il
TAUE B2 e 22 5 g Lo,

B s T ae vy
A

W= LA

*********

2 BM3DEEREE
Fig.2 Flow chart of BM3D algorithm
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Fig. 3 Schematic diagram of window width
and window level
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Table 1 SSIM of CT sequences
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Fig. 9 Comparison of lumbar spine CT images denoising (1)
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Table 2 Obijective judgement of lumbar spine CT images (1)

PHhIE AR 4EElY  K-SVD  NLM

BM3D  HMEIEN  PENED mUREh U A g

PSNR/AB 35.6859 27.9743 27.8714 27.9612 28.0178 27.968 1

MSE 19.661 7 104.491 8 106.853 1 104.768 4 103.511 6 104.627 9 104.655 4 104.876 5 103.3475 104.231 8
27.966 0 27.9562 28.0254  27.9856
0.5945 0.5540 0.5812 0.5970 0.6059 0.5474 0.5753

sim 0.7774  0.5747  0.6600

E10 [EHECTEGEBRITLE(2)

Fig. 10 Comparison of lumbar spine CT images denoising (2)
(a)—A K (b)—4E403ED ; (c)—K-SVD; (d)—NLM; (e)—BM3D; () —{H ikl ;
(g)—YERENE ; (W) —m & ;s )—XGhIEN; (G)—#% M rEuE .
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Table 3 Objective judgement of lumbar spine CT images (2)

THNPRfE RSO 4E9E; K-SVD  NLM

BM3D  PEENE SEIENE mUnER CCHIEN A g

MSE 19.6617 27.7233 25.1655 27.7330 28.0080 27.6648 27.8016 27.6503 28.2602
PSNR/dB 35.6859 33.9836 34.5205 33.9944 33.9289 33.9972 33.9913 34.0279 33.8871

sim 0.7774 0.7496 0.8128 0.769 5

0.743 0

27.898 7
33.960 0

0.7561 0.7718 0.7804 0.7244 0.753 6
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x4 EBREHHFTIRE
Table 4 MSE after denoising

NN MSE
HBAL

ASCEYE digEl; K-SVD  NLM  BM3D  fEjER: ENENE  SimEs SGhER A S

B 31,4360 57.0959 55.4540 56.8072 56.7481 57.1130 54.5556 54.1584 56.710 8 56. 838 4

a5 21.7830 30.068 1 29.9064 30.0305 30.0157 30.0567 29.8917 29.8913 30.0103 30. 054 7
S 131132 281454 27.4356 27.9735 28.0294 28.0908 27.6024 27.5497 28.0182 28.074 8
S 21,9282 38.1834 37.2715 38.0256 38.0491 38.1428 37.6473 37.5911 38.0360 38.106 9
WA 55.2925 74.2909 73.9235 74.2357 74.2136 74.2709 74.0894 74.0778 74.2070 74.271 1
W 44.5903 80.7128 80.3605 80.6689 80.6945 80.6974 80.5519 80.5085 80.6935 80. 699 7
HEH  57.0876 94.1324 93.5400 94.0028 94.1050 94.0754 93.6893 93.6589 94.1029 94.123 1
PR 24.5926 29.6028 29.2598 29.5495 29.5645 29.5877 29.4147 29.4135 29.563 1 29.586 5

JHARS  53.7222 94.4263 94.0474 94.2705 93.8633 94.4397 94.1715 94.2030 93.8419 94.234 5

x5 KREHIEEEREL
Table 5 PSNR after denoising

PSNR/dB

ASCAYE HEEe K-SVD  NLM  BM3D  WPfEuEd SfEDEN mlbnblle OOk AmSsriigl

B 33.3847 30.6299 30.7583 30.6525 30.6578 30.628 6 30.8334 30.8662 30.661 2 30.650 1

JaE  34.8102 33.4306 33.4530 33.4357 33.4388 33.4322 33.4564 33.4563 33.4396 33.432 4
S 37.7184 33.8435 33.9676 33.8731 33.8636 33.8530 33.9385 33.9481 33.8656 33.8556
SR 34.8679 32,3720 32.4847 323911 32.3887 32,3769 32.4381 32.4454 32.3905 32.381 4
W4 31,0142 29.7268 29.7492 29.7304 29.7303 29.7280 29.7402 29.7408 29.7307 29.72717
HERS  31.768 8 29.136 6 29.1565 29.1390 29.1377 29.1374 29.1454 29.1480 29.1377 29.137 4
HEH  30.5941 28.3940 28.4215 28.4000 28.3953 28.3967 28.4146 28.4160 28.3954 28.394 4
PR 34.3715 33.5122 33.5661 33.5207 33.5184 33.5146 33.5428 33.5429 33.5187 33.514 8
JEHET 30.8975 28.4019 28.4197 28.4089 28.4272 28.4013 28.4140 28.4127 28.4282 28.410 4

*6 EHRFHEHBELIE
Table 6 SSIM after denoising

sim

i e o . ST . .
" ACHE YEAE)E K-SVD  NLM  BM3D g IEIENE  mUnEn OUEDt Akl
HH0.5795 04955 0.5263 0.5041 0.4956 0.4969 0.5161 0.5195 0.4927 0.499'5
i 0.7195 06901 0.6979 0.6924 0.6890 0.6906 0.6931 0.6939 0.6886 0.691 0

S 0.8468  0.8298  0.8424  0.8348 0.8282 0.8309 0.8361 0.8376 0.8255 0.8318
SR 0.6844  0.6664 0.6782  0.6713  0.6663 0.6672 0.6728 0.6740 0.664 1 0. 668 7
Wil 05982 0.5239  0.5432  0.5320 0.5224  0.5251 0.5325 0.5357 0.5218 0.528 0
WEEE 0.5756  0.5723  0.5959  0.5822 0.5683 0.5744 0.5827 0.5868 0.5647 0.576 1
HEH O 0.7296  0.5265  0.5533  0.5391  0.5233  0.5288 0.5406 0.5450 0.5224 0.533 0
PRXHT 0.6847  0.6661 0.6715 0.6681 0.6665 0.6664 0.6689 0.6693 0.6663 0. 667 4
JEEE 0.6658  0.5318  0.5725 0.5530 0.5335 0.5344 0.5507 0.5620 0.5325 0.545 1
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E11 BZRCTEGEBREIILL(1)
Fig. 11 Comparison of skeleton CT images denoising (1)
(a)—ASCH B (b)—4EgNuEN; (c)—K-SVD; (d)—NLM; (e)—BM3D; (f)—H {EIEN ;
(g)—MEIEW ; () —m il ; (D—RGHUEN ; () —& 1 FEuEDE .

E12 BZRCTEGEEITLL(2)
Fig. 12 Comparison of skeleton CT images denoising (2)
(a)—ASCH B (b)—4E4NuED:; (¢)—K-SVD; (d)—NLM; (e)—BM3D; (f)— [ {HIEN;
(g)—MEIEN ; (h)—mrigi; (D—RGHUEN: s () —& 1 FrEuEDk .

R7 BRCTERBEWIEM
Table 7 Objective judgement of skeleton CT images
PR ASCET: 4EgNiEDY K-SVD NLM BM3D  fEnEdt O(ENENE Sl AGHIEN Akt
MSE 31.4360 36.4355 34.0527 36.5173 36.3926 36.5289 34.2874 33.9610 36.4081 36.2829

PSNR/AB 33.3847 32.7146 33.0803 32.7151 32.7193 32.7043 33.0177 33.0649 32.7176 32.7382

sim 0.5795  0.5620  0.5867  0.5692  0.5616  0.5638 0.5781  0.5815  0.5589 0.5661
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